Fatty acid esters of 3-chloro-1, 2-propanediol (3-MCPD esters) are a group of processing induced food contaminants with nephrotoxicity but the molecular mechanism(s) remains unclear. This study investigated whether and how the JNK/p53 pathway may play a role in the nephrotoxic effect of 3-MCPD esters using 3-MCPD 1-palmitate (MPE) as a probe compound in Sprague Dawley rats. Microarray analysis of the kidney from the Sprague Dawley rats treated with MPE, using Gene Ontology categories and KEGG pathways, revealed that MPE altered mRNA expressions of the genes involved in the mitogen-activated protein kinase (JNK and ERK), p53, and apoptotic signal transduction pathways. The changes in the mRNA expressions were confirmed by qRT-PCR and Western blot analyses and were consistent with the induction of tubular cell apoptosis as determined by histopathological, TUNEL, and immunohistochemistry analyses in the kidneys of the Sprague Dawley rats. Additionally, p53 knockout attenuated the apoptosis, and the apoptosis-related protein bax expression and cleaved caspase-3 activation induced by MPE in the p53 knockout C57BL/6 mice, whereas JNK inhibitor SP600125 but not ERK inhibitor U0126 inhibited MPE-induced apoptosis, supporting the conclusion that JNK/p53 might play a critical role in the tubular cell apoptosis induced by MPE and other 3-MCPD fatty acid esters.
defined, and the proteins associated with the apoptosis may include mitogen-activated protein kinase (MAPK) and p53. P53 is a well-known and first identified protein that controls apoptosis through modulating the proapoptotic protein bax expression. Bax interacts with the antiapoptotic member bcl-2 and induces apoptosis (Mikhailov et al., 2003; Moll et al., 2005) .
This study was designed to test the hypothesis that the nephrotoxicity induced by 3-MCPD fatty acid esters is mediated through activating the MAPK and p53 related apoptosis pathway in vivo using 3-MCPD 1-palmitic ester (MPE) as the probe compound, because MPE is relatively more toxic than other tested 3-MCPD esters on a per weight concentration basis in our previous study (Liu et al., 2012) . The results from this study may advance our understanding of the molecular mechanisms involved in the nephrotoxicity induced by 3-MCPD fatty acid esters and lay foundation for safety evaluation of 3-MCPD fatty acid esters.
MATERIALS AND METHODS

Antibodies and Reagents
The following antibodies were used for Western blot: phosphorylated-(p-)ERK (Thr202/Tyr204) (4370), ERK (4695), p-c-Jun (Ser63) (2361), p-JNK (Thr183/Tyr185) (4668), JNK (9258), p-p38 (Thr180/Tyr182) (4511), p38 (8690), p-p53 (Ser15) (9284), p53 (2524), bax (2772), bcl-2 (2870), cleaved caspase-3 (9664), and b-actin (4970) antibodies were purchased from Cell Signaling Technology (Beverly, Massachusetts). Kim-1 (ab47634) antibody was purchased from Abcam (Cambridge, Massachusetts). The following antibodies were used for immunohistochemistry (IHC): p-JNK (Thr183/Tyr185) (4668), p-c-Jun (Ser63) (2361), p-p53 (Ser15) (12571), and cleaved caspase-3 (9664) were purchased from Cell Signaling Technology. P53 (ab131442) was obtained from Abcam. The SignalStain Boost IHC Detection Reagents (HRP, anti-Mouse 8125; HRP, anti-Rabbit 8114) and DAB substrate kit (8059) were also purchased from Cell Signaling Technology. ERK inhibitor U0126 and JNK inhibitor SP600125 were purchased from Selleck Chemicals China (Shanghai, China). 3-MCPD 1-palmitic ester (MPE) was synthesized in our lab following a published protocol (Kaze et al., 2011) with purity greater than 98%.
Animals and MPE Treatment
Male Sprague Dawley rats (200 6 20 g, 6-8 weeks) were purchased from Shanghai SLAC Laboratory Animal Co Ltd (Shanghai, China). Male C57BL/6 mice (18 6 2 g, 6-8 weeks) were obtained from Beijing Wei Tong Li Hua Laboratory (Beijing, China). The heterozygous p53 knockout (p53 þ/À ) mice were purchased from the Model Animal Resource Information Platform of Nanjing University (Nanjing, Jiangsu, China), and homozygotes p53 knockout (p53 À/À ) mice were generated by mating between p53 þ/À mice. All procedures requiring the use of animal were conducted in accordance with the Animal Care and Welfare Committee of the Laboratory Animal Center of Shanghai Jiao Tong University. Rodent laboratory chow and tap water were provided ad libitum and maintained under controlled conditions with a temperature of 24 C 6 1 C, humidity of 40%-80%, and a 12-h light/12-h dark cycle. Animals were acclimatized for 1 week before assigned into experimental groups. MPE was dissolved in olive oil and administrated to animals through gavage. The dose was 1 g/kg BW and volume was 5 ml/kg BW for SD rats. For C57BL/6 mice, the dose was 1.5 g/kg BW based on the body surface area conversion and preliminary results, and dose volume was 0.2 ml/10 g BW. JNK inhibitor SP600125 and ERK inhibitor U0126 were dissolved in olive oil and administrated to C57BL/6 mice through intraperitoneal injection 1 h prior to MPE treatment with the doses of 10 or 30 mg/ kg BW (0.1 ml/10 g BW).
Experimental Design
Experiment 1-effect of MPE on kidney in SD rats SD rats were divided into the control and the MPE treated groups. The control and the treated groups were divided into subgroups-A, -B, -C, and -D (n ¼ 8/subgroup), respectively. SD rats in the treatment subgroups were given MPE (1 g/kg BW) in vehicle (5 ml/kg BW), while rats in the control subgroups received olive oil only at the same dose volume, for a period of 6, 12, 24, and 48 h, respectively. Rats in the 48 h group were placed in the metabolism cage individually and urine samples were collected at 6, 12, 24, and 48 h on ice without any protease inhibitors, respectively.
Experiment 2-role of p53 in the regulation of kidney toxicity induced by MPE Twelve wild type (WT) C57BL/6 mice and 12 homozygotes p53 knockout (p53 À/À ) mice were used to further confirm the target role of p53. WT and p53 À/À mice were randomly assigned to 2 subgroups (control and MPE treated), respectively, and administrated with MPE at a dose of 1.5 g/kg BW through intragavage with olive oil as the vehicle for 24 h .
Experiment 3-effect of JNK and ERK inhibitor on the kidney toxicity induced by MPE C57BL/6 mice were given a single dose of 1.5 g/kg BW MPE, and the vehicle control animal received same volume of olive oil (n ¼ 6/group). One hour before MPE administration, vehicle (olive oil), SP600125, or U0126 was injected intraperitoneally at doses of 10 or 30 mg/kg BW (n ¼ 6/group). Mice were sacrificed 24 h after MPE treatment (Jo et al., 2005; Yoshikane et al., 2015) .
Clinical Chemistry
Animals were anesthetized by carbon dioxide and the blood samples were collected from retro-orbital. Anticoagulants used were K2/ethylenediaminetetraacetic acid for hematology samples. The serum was obtained by centrifugation at 3500 rpm for 15 min at 4 C.
The following hematology parameters in the plasma were determined by Adicon Clinical Laboratories, Inc (Shanghai, China): white blood cells (WBC), red blood cells (RBC), red cell distribution width-coefficient of variation (RDW-CV), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), mean platelet volume (MPV), platelet distribution width (PDW), total platelet count (PLT), plateletcrit (PCT), and differential fractions and absolute leukocyte counts for neutrophils, lymphocytes, monocytes (MONO), eosinophils (EO), basophils, and reticulocyte count.
Serum urea nitrogen and creatinine levels were also measured by Adicon Clinical Laboratories, Inc.
The following urine parameters were determined by Adicon Clinical Laboratories, Inc: bilirubin (BIL), blood (BLD), glucose (GLU), ketone (KET), nitrite (NIT), PH, protein (PRO), specific gravity (SG), urobilinogen (URO), and WBC.
Serum and urine kidney injury molecular 1 (Kim-1) levels were determined using a commercial testing kit (catalog RKM100) from the R&D Systems China Co Ltd (Shanghai, China) according to the manufacturer's instructions.
Microarray Analysis of mRNA Expression
Total RNA was isolated using the TRIzol reagent (Thermo Fisher Scientific China, Shanghai, China) according to the manufacturer's instructions and purified using RNeasy Mini Kit from Qiagen China Co, Ltd (Shanghai, China). Purified RNAs were used to generate biotinylated cRNA targets for the Affymetrix Rats Genome 230 2.0 Array, which contained 31 042 probe sets. The biotinylated cRNA targets were hybridized with the microarray. After hybridization, arrays were stained in the Fluidics Station 450 and scanned on the Affymetrix Scanner 3000. The microarray experiments were performed by following the protocol of Affymetrix Inc at Shanghai Biotechnology Corporation (Shanghai, China).
RNA Isolation and quantitative Real-time-PCR
Total RNA was isolated from kidney cortex using the TRIzol reagent (Thermo Fisher Scientific China), followed by the reverse transcription cDNA using the IScript Advanced cDNA Synthesis kit. Real-time PCR was carried out on an ABI 7900HT Fast RealTime PCR System (Applied Biosystems, Foster City, California) using AB Power SYBR Green PCR Master Mix. The following amplification parameters were used for PCR: 50 C for 2 min, 95 C for 10 min, and 46 cycles of amplification at 95 C for 15 s and 60 C for 1 min . Primers for genes were: Kim-1
Western Blot Analysis
For Western blot analysis, kidney cortex samples (30 mg) were homogenized in a RIPA buffer (Beyotime, Nantong, Jiangsu, China): 50 mM Tris, 150 mM NaCl, 10% glycerol, 0.1% SDS, 1% Triton X-100, 1 mM EDTA, 0.5% deoxycholate, 1% protease inhibitor mix, pH 7.5 and lysed for 30 min on ice. The homogenate was centrifuged at 14 000 Â g (4 C) for 10 min. The supernatants were removed for protein determination using the BCA kit from Thermo Fisher Scientific China (catalog 23227) with BSA as the standard. Subsequently, equal amounts (20-80 lg) of protein samples were separated on 12% SDS-PAGE and transferred to a PVDF membrane (Bio-Rad Laboratories, Inc, Hercules, California). After incubating for 1.5 h in 5% nonfat milk, the membranes were incubated with primary antibodies overnight at 4 C, followed by washing 4 times with TBST, and incubated with a HRP conjugated secondary polyclonal antibody at room temperature for 1.5 h. Blots were developed using Bio-Rad Clarity Western ECL (Hercules). The signal intensities of the bands were estimated using a ChemiDoc XRS þ System (Hercules) and quantified using an
Image Lab Software (Hercules).
Histology Examination and IHC
Whole kidney was removed and fixed in 4% paraformaldehyde overnight at 4 C. Fixed kidney samples were embedded in paraffin and sectioned at 5 lm. All the kidney sections were deparaffinized, hydrated through a graded series of xylene, ethanol, and deionized water for hematoxylin and eosin (HE) staining, IHC, and TUNEL assays. For pathological examination, the kidney sections were stained with HE using standard techniques (Liu et al., 2012) . The modified 0-5 Jablonsky grading scale was used for histopathological evaluation of the kidney injury (Islam et al., 1997) : 0 represents normal; 1 represents occasional degenerative and necrosis of individual cells; 2 represents degenerative cells and necrosis of individual tubules; 3 represents degeneration and necrosis of all cells in adjacent proximal convoluted tubules with survival of surrounding tubules; 4 represents necrosis confined to the distal third of the proximal convoluted tubules, with a band of necrosis extending across the inner cortex; and 5 represents necrosis affecting all 3 segments of the proximal convoluted tubules. For IHC, the kidney sections were treated to block endogenous peroxidase activity for 10 min with 3% H 2 O 2 /H 2 O solution. Antigen retrieval was performed by heating slides in 10 mM sodium citrate buffer (pH 6.0) at a subboiling temperature for 10 min. Nonspecific antibody binding was blocked with 5% normal goat serum for 1 h at room temperature, the sections were then incubated with primary antibodies against p-JNK (1:50 dilution), p-c-Jun (1:50 dilution), p53 (1:50 dilution), p-p53 (1:50 dilution), or cleaved caspase-3 (1:2000 dilution) overnight at 4 C.
Then, the sections were incubated with a HRP linked antimouse or rabbit secondary antibody in a humidified chamber for 30 min at room temperature. After staining with DAB, the slides were visualized with microscope (Olympus, Tokyo, Japan) and photographed using a digital camera .
TUNEL Assay
Animals were killed 6, 12, 24, and 48 h after MPE administration, respectively, and whole kidney samples were fixed with 4% paraformaldehyde in phosphate-buffer saline (PBS) (pH 7.4). Apoptosis of tubular cells was examined by the TUNEL assay using a commercial kit (Roche, Basel, Switzerland) according to the manufacturer's instructions. After that, kidney sections were stained with 4 ng/ml DAPI solution (Sigma-Aldrich, St Louis, Missouri) at 4 C for 5-10 min. TUNEL-positive apoptotic and DAPI positive cells were counted 10 fields at Â200 magnification with a fluorescence microscopy, respectively. Apoptotic index was calculated as TUNEL positive cells/DAPI positive cells .
Statistical Analysis
All data were expressed as the means 6 SD using SPSS version 18.0 (SPSS Inc, Chicago, Illinois). Statistical analyses were performed using 1-way analysis of variance (ANOVA) and Tukey's test. P < .05 indicates statistically significant difference.
RESULTS
MPE Induced Kidney Injury in Sprague Dawley Rats
3-MCPD 1-monopalmitic ester (MPE) treatment resulted in the biomarkers of kidney damage. Rat exposed to MPE (1 g/kg BW) had greater absolute and relative kidney weights than those in the control groups in a time-dependent manner (Table 1) . Rats in the treatment groups had significant lower EO, RBC, and RDW-CV LIU ET AL. | 183 (Table 2 ). There was a significant increase of MONO in rats gavaged with MPE at 12 and 24 h, respectively (Table 2) , and a smaller increase was noticed for WBC (Table 2 ). The urine volume, blood, protein, and WBC levels were significantly increased in rats treated with 1 g/kg MPE at indicated time points (Table 3) . The urine pH also decreased at 24 and 48 h after MPE treatment (Table  3 ). In addition, serum creatinine and urea nitrogen levels were significantly increased 24 and 48 h after MPE treatment (Figs. 1A  and B) . Kim-1, one of the most important biomarkers of kidney injury (Timmeren et al., 2006; Ragab et al., 2014) , was also found to be greater in serum and urine 24 h after the treatment (Figs. 1C  and D) . Histopathological analysis indicated that MPE induced the degeneration, necrosis of tubular cells, and protein casts in the rats in a time-dependent manner ( Figs. 2A and B) . TUNEL staining (Figs. 2C and D) detected more apoptotic cells in the MPE treated rats than that in the control groups. Together, these results indicated that 3-MCPD 1-monopalmitic ester is nephrotoxic and could induce tubular cell apoptosis in SD rats.
Microarray Analysis of mRNA Expression Profile in the Kidney of Sprague Dawley Rats Exposed to MPE
A total of 2566 mRNA were altered by MPE treatment as compared with the control group using microarray (P < .05; data not shown).
Analysis with Gene Ontology categories and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways revealed that MPE altered mRNAs related to a large set of genes mainly involved in MAPK and p53 signal transduction pathways. The distribution of group specific signal intensities of mRNAs related to MAPK, p53 and their downstream apoptosis pathways were listed in Figure 3 . Heatmap, principal component analysis (PCA) and correlation analysis of the differentially mRNAs specific to the target pathways suggested that there were significant differences in these genes between the control and test groups (Figure 3) . The expression patterns of the mRNAs detected by microarray analysis were confirmed with qRT-PCR gene chip data. Kim-1 expression level was significantly increased (P < .05) in a timedependent manner ( Figure 4A ). p53 ( Figure 4B ) and caspase-3 ( Figure 4C ) expressions increased, and reached the peak at 24 h (P < .05) and decreased at 48 h.
MPE Induced Tubular Cells Apoptosis via MAPK and p53 Signal Transduction Pathways
The effects of MPE on the target proteins related to MAPK and p53 apoptosis pathway were also analyzed by Western blot. The phosphorylation levels of JNK and c-Jun were upregulated in the kidney of the SD rats gavaged with MPE ( Figs. 5A and B) . ERK was also activated by MPE treatment (Figs. 5A and B) but p38 was not (Supplementary Figure S1 ). The p53 protein translation level was upregulated, along with an increase in its phosphorylation levels (Figs. 5A and B) . In addition, both bax and the cleaved caspase-3 levels were significantly increased (Figs. 5A and B) . However, no significant change was found for bcl-2 (Supplementary Figure S1) . The protein level of Kim-1was also time-dependently increased and reached the maximum level at 24 h (Figs. 5A and B) . IHC assay was performed to confirm the regions in kidney that showing target proteins expressions. The protein levels of p-JNK, p-c-Jun, cleaved caspase-3, p53, and p-p53 were all upregulated in the kidney of rats gavaged with 1 g/kg MPE compared with those in the control rats ( Figure 5C ). Also, proteins related to MAPK and p53 apoptosis pathways were all expressed in the tubular cells of the kidney cortex ( Figure 5C ). *Represents significant differences compared with the control at the same time point (P < .05).
EO#, absolute levels of EO counts; MONO#, absolute levels of MONO counts.
The Possible Role of p53 in Upregulation of Cleaved Caspase-3 and Tubular Cells Apoptosis Induced by MPE
To ascertain whether p53 was the key target for MPE induced tubular cells apoptosis, p53 knockout mice were employed to examine their responses to MPE treatment. Unlike WT mice, protein levels of bax and the cleaved caspase-3 in the kidney of p53 À/À mice gavaged with MPE had no detectable change as compared with the control mice but were lower than that in the treated WT mice (P < .05) ( Figure 6A *Represents significant differences compared with the control at the same time point (P < .05).
BLD, blood; PRO, protein; WBC, white blood cells.
FIG. 1.
Time course of serum and urine chemistry parameters in Sprague Dawley rats exposed to 1 g/kg of 3-MCPD 1-palmitate. A, Serum urine nitrogen levels; B, serum creatinine levels; C, Kim-1 production in the serum; and D, Kim-1 excretion in the urine were measured at the indicated time points. Different letters represent significant differences at P < .05.
significantly increased in the WT mice but no change was observed in the p53 À/À mice treated with the same concentrations of MPE (Figure 6Dc ). However, neither WT nor p53 À/À mouse had a significantly greater level of serum creatinine (Figure 6Dd ).
Confirmation of the Critical Role of JNK in MPE-Induced Tubular Cells Apoptosis
To determine whether p-JNK was involved in the MPE induced kidney injury, JNK inhibitor SP600125 was given to mice through intraperitoneal injection at 10 and 30 mg/kg BW doses. Kidney JNK activity, as represented by the amount of phosphorylated JNK and c-Jun in the kidney 24 h after MPE treatment, was significantly induced as compared with that in the control group, and this increase was not observed in the mice given both MPE and SP600125 ( Figure 7A ). SP600125 also blocked the MPE-induced kidney JNK activity increase in a dose-dependent manner ( Figure 7A ). Moreover, the protein levels of p53, p-p53, and cleaved caspase-3 were inhibited by SP00125 ( Figure 7A ). In addition, SP600125 injection didn't abrogate ERK activation (Supplementary Figure S2) and had no effect on the p-p38 or bcl-2 protein level (Supplementary Figure S2) or serum urea nitrogen and creatinine levels in mice given 30 mg/kg SP600125 (Figure 7Bab ). Interestingly, 30 mg/kg JNK inhibitor almost completely eliminated kidney injury induced by MPE (Figs. 7Bc and C).
Potential Role of ERK in MPE-Induced Acute Kidney Injury
Whether ERK activation is necessary for MPE-induced tubular cells apoptosis was investigated using ERK inhibitor U0126. As shown in Supplementary Figures S3A and B , ERK phosphorylation was increased after MPE administration, which was significantly alleviated by U0126. Meanwhile, no change in p53, p-p53, or cleaved caspase-3 levels was observed in the kidney of mice administrated U0126 ( Supplementary Figs. S3A and B). Serum creatinine and urea nitrogen levels had no change in mice regardless of U0126 administration (Supplementary Figure S3C) .
DISCUSSION
Recent researches suggested that kidney was the major target of 3-MCPD fatty acid esters in Wistar and F344 rat and Swiss mouse models (Barocelli et al., 2011; Liu et al., 2012; Onami et al., 2014) . This study confirmed that 3-MCPD 1-monopalmitic ester (MPE) induced kidney injury in both experimental Sprague Dawley rats and C57BL/6 mice at 1 and 1.5 g/kg BW, respectively.
In 2003, Padanilam (2003) indicated that tubular cell apoptosis plays a central role in xenobiotic-induced kidney injury. Human clinical studies also suggested a correlation between cell death and acute kidney injury (Price et al, 2009 ). This study also investigated the hypothesis that tubular cell apoptosis plays a critical role in acute renal damage induced by 3-MCPD fatty acid esters. Western blot assay showed upregulation of bax, and IHC results showed increased cleaved caspase-3 expression in rats treated with MPE in the tubular cells of the kidney cortex area. The results clearly demonstrated that MPE significantly induced tubular cell apoptosis. This finding is supported by observations that free 3-MCPD and its esters inducedapoptosis in several other cell types (Sun et al., 2013; Buhrke et al., 2014) . Sun et al. (2013) demonstrated that 3-MCPD significantly induced early apoptosis in R2C rat leydig cells, which was Different letters represent significant differences at P < .05.
FIG. 5.
Effects of 3-MCPD palmitate on the protein levels in the kidney of Sprague Dawley rats using Western blot and immunohistochemistry (IHC) staining. A, Representative Western blot. Western blot was performed using antibodies against JNK, p-JNK, p-c-Jun, ERK, p-ERK, p53, p-p53, bax, cleaved caspase-3, and Kim-1. bactin was used as a loading control. B, Quantitated Western blot data using Image Lab software. Western blots from 3 animals were quantitated as described in Materials and Methods. Different letters represent significant differences at P < .05. C, Representative IHC of kidney cortex tubular cells for localization of p-JNK, p-cJun, cleaved caspase-3, p53, and p-p53 (Â200 magnification). , 2016, Vol. 151, No. 1 associated with mitochondrial injury. In 2014, Buhrke et al. (2014) observed that 3-MCPD ester induced caspase activity in Caco-2 cells. Taken together, the malfunction of kidney induced by MPE in this study might be attributed to inducing tubular cell apoptosis.
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In addition, the results from this study suggested a role of MAPKs/p53 activation in the MPE-induced tubular cell apoptosis under the experimental conditions, for the first time. This conclusion is supported by qRT-PCR (Figure 3 ), western and IHC data ( Figure 5 ) and being further confirmed using p53 knockout (p53 À/À ) mice and specific inhibitors altering MAPKs ( Figure 6 and Supplementary Figure S3 ) and p53 (Figure 7) interactions. The MAPKs are well accepted upstream modulators of apoptosis (Chang et al., 2014; Lee et al., 2008) , including ERKs, JNKs, and p38 pathways. The phosphorylation levels of JNK and c-Jun were upregulated in the kidney of rats gavaged with MPE and p-JNK and p-c-Jun positive cells were tubular cells in the kidney cortex area. In addition, JNK inhibitor almost completely eliminated kidney injury induced by MPE. Taken together, it was concluded that JNK plays a pivotal role in the tubular cell apoptosis, consistent with its function in nephrotoxicity (Servais et al., 2008) . Although the significant activation of ERK induced by MPE was found, the inhibitor of ERK failed to block caspase-3 activation (Supplementary Figure S3) , which argues against the possibility of a primary role for this pathway in MPE-induced tubular cell apoptosis. Also, MPE could not affect the phosphorylation levels of p38MAP kinase. These results are inconsistent with common roles of ERK and p38 in cell death regulation (Chang et al., 2014; Lee et al., 2008) . p53 is critical for apoptosis induction, which involves interaction with members of the bcl-2 family proteins (Moll et al., 2005; Servais et al., 2008; Peng et al., 2015) . Our western and IHC results indicated the increased expression of p53 and p-p53 in the kidney cortex of rats gavaged with MPE. Moreover, much less apoptotic cells by TUNEL assay were observed in the kidney cortex of p53 À/À mice than that in WT mice after MPE treatment, indicating that MPE induced tubular cell apoptosis was p53 dependent. Furthermore, the MPE-induced p53 dependent apoptosis was associated with bax expression, which was supported by no detectable change in the protein levels of bax in the kidneys of p53 À/À mice gavaged with MPE compared with the control mice but were lower than that in the treated WT mice. Together, these data suggest that MPE induced "p53-mitochondria" cross-talk. In addition, we identified JNK as the upstream targets of p53 activation using JNK inhibitor SP600125, which revealed that JNK/p53 pathway played a critical role in the kidney apoptosis induced by MPE. The similar interaction between JNK and p53 was also found in cardiomyocytes (Sun et al., 2014) , prostate cancer cells (Itsumi et al., 2014) , and human umbilical vein endothelial cells (Liu and Sun, 2010) . In contrast, JNK mediated apoptosis through p53 defect pathway in SNU-16, U937, and 293T cell lines (Bae et al., 2006) . The different interaction between JNK and p53 might be partially explained by the cell-type-specific differences and the contexts of experimental conditions. It needs to be pointed out that JNK1, JNK2, and JNK3 may play different roles in cell apoptosis (Qu et al., 2013; Fernandes et al., 2012) . The molecular mechanisms of MPE in triggering the activation of JNK1, JNK2, or JNK3-mediated tubular cell apoptosis are still unclear, and should be investigated further. In conclusion, exposure to the common food contaminant MPE may induce kidney toxicity through inducing the tubular cell apoptosis by activating JNK/p53 related apoptosis pathway.
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